The European Union has long maintained an intention to move to the origin principle of taxation, but no progress has been made since the completion of the single market. The lack of progress seems surprising, given the signi…cant support for the origin principle in the economic literature. However, there is a contrast between the European Union that contains countries of widely di¤erent sizes and productivity levels, and the theoretical literature that has focussed on models with symmetrical countries. We extend the modelling of preferences over tax principles to incorporate asymmetries in e¢ ciency and size. We show that asymmetry can cause disagreement among countries over tax principles to be sustained even with close economic integration. Large countries and ine¢ cient countries are shown to prefer the origin principle. In contrast, small countries and e¢ cient countries can have a preference for the destination principle. These results provide an insight into the political economy of the impasse in European Union tax policy.
Introduction
The completion of the single market in January 1993 had a signi…cant e¤ect upon tax policy in the European Union (EU). Prior to the completion of the single market the system of taxation involved exports from one member state to another being zero-rated. Importers paid VAT at the rate of the destination country in which …nal consumption took place. For this system to work the tax authorities had to be able to determine when goods crossed borders, but the removal of border controls eliminated the document trail on which tax liabilities could be determined. The European Commission's White Paper of 1987 proposed that EU procedures after the abolition of border controls would mirror national ones. Exports would carry the VAT of the origin country, which could be reclaimed as input VAT in the destination country, if the good was used as an input rather than a consumption good. The VAT charged to the …nal consumer would still be that of the destination country and a "Clearing House" would reallocate revenues to the appropriate country. This proposal was never implemented because of its administrative di¢ culties. An interim scheme is currently in operation that attempts to mirror the pre-1993 zero-rating of exports by substituting account auditing for the role previously performed at frontier controls. It was initially foreseen that a "de…nitive system" would replace the interim procedure by 1997. This has still not happened. In fact, the nature of the de…nitive system has not yet even been determined, and discussions about the future functioning of VAT continue.
The method of taxation prior to the completion of the single market is known as the destination principle. Under this principle commodities are taxed in the country of …nal consumption. Exports are tax free, with taxes imposed once a border is crossed. Consequently, the destination principle requires the maintenance of borders so that the appropriate border tax adjustments can be made. The fact that the destination principle is not a suitable system of taxation in a single market was recognized very early in the development of the EU. The Tinbergen Report of 1953 observed that the destination principle would not be sustainable once the single market was completed. The alternative system of taxation proposed by Tinbergen was the origin principle under which goods are taxed in the country of production. If applied by the EU, the origin principle would require each member state to tax the production occurring within its borders. The advantage of the origin principle is that no border tax adjustments are required, so that it is consistent with the operation of a single market (in that tax di¤erentials do not induce cross-border shopping), and it leaves each member state free to pursue its own tax objectives.
The switch to the origin principle has long been established as a goal of EU tax policy. A statement of support for this position was contained in Amendment 2, Recital 5 of the 2003 Draft Report of the Committee on Monetary and Economic A¤airs. The relevant passage states that:
The Community's long term objective is moving to a de…nitive VAT system, based on the principle of taxation in the country of origin, this implies that there should be a gradual continuation of a systematic and coherent approach towards approximation of VAT rates, as needed.
The implementation of the switch from the destination principle to the origin principle requires political agreement within the EU. A reading of the existing academic literature makes it di¢ cult to understand why such agreement is not readily forthcoming. If the world is viewed as approximating the competitive ideal then the literature provides some very general results establishing equivalence between the two principles (Tinbergen 1953 , Lockwood et al. 1994a . In this case countries should prefer the origin principle once border controls have been removed, and the destination principle cannot function. Alternatively, research that contrasts the tax principles when there is imperfect competition (Keen and Lahiri 1998 , Hauer et al. 2005 , Hashimzade et al. 2005 ) has shown a robust preference for the origin principle, -at least when there are limited barriers to trade and symmetric countries. The one exception to this is the analysis of Hau ‡er and P ‡üger (2004) in which the advantage of origin taxation is undone by the mobility of …rms between countries (which introduces an additional externality) to the extent that the destination principle is preferred. The typical result of the literature with immobile …rms can be described as follows. Assume there are two countries which either employ destination taxation or employ origin taxation. Say that one tax principle dominates another if it produces no less welfare for each country and strictly dominates if it generates strictly higher welfare. The assumption of symmetry ensures that the welfare ranking will be the same for both countries. The results of Hashimzade et al. show that for both Bertrand and Cournot competition between …rms the destination principle never dominates the origin principle, and for almost all combinations of product di¤erentiation and transport cost (the two parameters of the model) the origin principle strictly dominates the destination principle. An alternative statement is that the origin principle is Pareto-preferred to the destination principle. Hence, if both countries agree to choose the same principle then they will both be better o¤ choosing origin. The clear message is that there should be no impediment to the member states of the EU unanimously agreeing to implementation of the origin principle.
The key assumption is that of symmetry between countries. The models do not require the countries to be identical (for example, they can produce di¤er-entiated products), but do assume they are in a symmetric position. A consequence of symmetry is that there cannot be disagreement among the countries on the preferred tax principle, -the preference of one country for origin taxation translates into a preference for all countries. Such unanimity of views has rarely been a characteristic of tax negotiations within the EU. It is straightforward to make a credible argument that the countries in the EU are not in a symmetric position. The member countries range in population size from Malta and Luxembourg with less than half a million to Germany with eighty two million. There is also a signi…cant range of productivity levels, with Luxembourg being approximately four times more e¢ cient than Latvia.
1 These observed asymmetries reveal a clear need to test whether the conclusion of a preference for the origin principle is robust once the assumption of symmetry is removed. This paper extends the analysis of the choice between tax principles to incorporate asymmetries in e¢ ciency (modelled by the marginal cost of production) and in country size (modelled by the number of consumers). This allows us to relate country characteristics to the preference for a tax principle, and gives some idea of how the political economy of tax negotiations in the EU will unfold. We also relate the results to market structure, the degree of product di¤erentiation, and the extent of economic integration. The preferences over tax principles are then embedded within a model of the strategic choice of principle. This permits the potential for agreement to be related to the degree and dimension of asymmetry. Keen and Lahiri (1998) made some progress with the analysis of asymmetry. In a model with a cost asymmetry they provided a su¢ cient condition for a switch from the destination principle to the origin principle to increase the sum of country welfare levels. However, this result does not identify the allocation of gains or losses across countries (which matters in the absence of any system of compensating lump-sum transfers), and applies only to an integrated market with Cournot oligopoly and homogenous products. There is an important dimension in which our paper di¤ers from Keen and Lahiri (1998) . We assume, as did Hau ‡er and P ‡üger (2004), Hau ‡er et al. (2005) , and Hashimzade et al. (2005) , that the markets of the individual countries are segmented in the sense that only …rms can transfer goods across borders. In contrast, Keen and Lahiri (1998) assumed that consumers could purchase in either market with costless arbitrage ensuring a common border price. It is clear that neither of these assumptions is precisely correct in practice. Some arbitrage activity will be undertaken by consumers in the form of cross-border shopping, but transport costs will ensure that this never results in full equalization and will tail-o¤, the farther consumers are located from borders. There is also evidence that cross-border shopping is limited in the EU. 2 We are con…dent that the main message of our paper will be robust to permitting some cross-border shopping, and is likely to be robust to permitting costless integration (though we have not formally investigated this).
The fundamental consequence of asymmetry is that there are situations in which countries cannot reach agreement on a tax principle even with complete economic integration. In brief, large countries and ine¢ cient countries prefer the origin principle. The preference of small countries and e¢ cient countries depends on the parameter con…guration. Only if the countries are similar in size and e¢ ciency will disagreement be removed by economic integration. Therefore, both country size and e¢ ciency provide a fundamental source of disagreement over the choice of tax principle. When the tax principle is chosen strategically 1 Productivity is measured by GDP in Purchasing Power Standard per hour worked (EU15=100); in 2008 across European Union countries this varied from 165.8 (Luxembourg) to 41.3 (Latvia).
Data obtained from Eurostat: Table tsieb040 at http://epp.eurostat.ec.europa.eu/portal/page/portal/national_accounts/data/main_tables. 2 ec.europa.eu/consumers/strategy/docs/ip_crossbordershopping.pdf there can be equilibria which involve at least one country choosing the destination principle even though the choice of origin principle by both countries would be a Pareto-improvement. The paper is structured as follows. In Section 2 we describe the model used in this paper. The model can accommodate both Bertrand and Cournot competition. We focus throughout the paper on Bertrand competition; the results for Cournot competition are noted where necessary. A detailed treatment of Cournot competition is given in a companion paper.
3 Section 3 relates the preference over tax principles to e¢ ciency in production and Section 4 relates the preference over tax principles to country size. Section 5 studies strategic considerations in the choice of tax principle. Conclusions are provided in Section 6. The presentation of the results is easily summarized, but the formal derivations require quite extensive computation. Rather than burden the presentation with the details, these have also been placed in the companion paper where they are developed fully.
Description of Model
The analysis is aimed at understanding the implications of country asymmetries for the preferred form of international tax principle. The conclusion that has been reached in symmetric models -that the origin principle is preferablehas to be tested for robustness. This is particularly important if the result is to be used to inform policy debate in the EU context given the considerable asymmetries among member states. We choose to focus upon asymmetries arising from size and productivity, and use a simple parametric representation of each of these in the economic modelling.
The model we employ is developed from those of Keen and Lahiri (1998), Hau ‡er et al. (2005) , and Hashimzade et al. (2005) . The key characteristics of the model are trade conducted under conditions of imperfect competition between …rms producing di¤erentiated products, with asymmetry between countries. Asymmetries in size are represented by the countries having di¤er-ent numbers of consumers, and asymmetries in productivity are represented by di¤erences in the marginal cost of production. These choices are intended to capture in a simple way two of the basic characteristics that di¤erentiate member states of the EU.
The tax principles are contrasted by determining the level of welfare each country achieves when levying taxes which are optimal. The taxes are chosen non-cooperatively, taking into account the equilibrium that is achieved through the interaction of the imperfectly competitive …rms. The contrast is undertaken for a range of the parameters re ‡ecting the asymmetries. In addition, we also consider how the choice between principles is related to the extent of economic integration. This latter variable is represented by the level of trade cost in shipping products between countries. The trade cost can be viewed as measuring the entire set of impediments to trade, with the interpretation that they will be reduced by increased economic integration.
We consider two countries which are given the labels "home"and "foreign". There are three consumption goods, denoted X; Y; and Z: Good X is produced by a …rm located in the home country and good Y by a …rm located in the foreign country. These goods are variants of a single di¤erentiated product. The two …rms compete using either prices or quantities as the strategic variable. The third good, Z, is produced by competitive …rms located (potentially) in both countries and is freely and costlessly traded. All goods are produced using labor as the only input. The production of each unit of good Z requires one unit of labor. The marginal cost of production of good X is c, and that of good Y is c ; since we do not consider endogenous entry …xed costs are set to zero without loss of generality. The export of a unit of good X or good Y involves a trade cost of s. Good Z is chosen as the numeraire which, when combined with the technology for producing Z, implies the wage rate in both countries equals one.
There are n consumers in the home country and n consumers in the foreign country. Each consumer supplies labor and receives an equal share of the pro…t of the …rm in their country of location. A …xed quantity of labor, L; is supplied inelastically by each consumer and there is no disutility of labor supply. The tax revenue raised by each government is returned as a lump-sum to their residents.
The government in the home country levies a speci…c tax of value t on the di¤erentiated product (and the foreign government a tax of value t ). There is no tax on the numeraire commodity, Z, so standard equivalence results do not apply. When the destination principle is applied the speci…c tax is levied upon the quantity consumed in each country. Under the origin principle the tax is levied on the output in each country. The taxes are chosen non-cooperatively to maximize national welfare de…ned as the sum of pro…t of resident …rms and utility of resident consumers.
We denote by x the quantity consumed in the home country of the output of the home …rm, and by y the quantity of the foreign …rm's output consumed in the home country. Each home consumer chooses the quantities x and y to maximize the quasi-linear utility function (adapted from Vives 1984)
subject to the budget constraint
where p x and p y are prices, and T is the lump-sum transfer received. The parameter 2 [0; 1] measures the degree of di¤erentiation between the products. A higher value of implies a lower degree of product di¤erentiation, so if = 1 consumers perceive the products as perfect substitutes. The pro…t level of the home …rm under the destination principle is and national welfare is
Under the origin principle production is taxed at source, so pro…t becomes
and national welfare
Equivalent expressions apply for utility (U ), pro…t ( ), and welfare (W ) in the foreign country under the two principles.
To provide a basis for comparison we assume that c = 0 and n = 1: Therefore, a value of c > 0 represents the home country being less e¢ cient than the foreign country, and a value of n < 1 (> 1) represents a home country that is smaller (larger) than the foreign country. These two parameters capture the asymmetry between the countries. A smaller value of s re ‡ects greater economic integration, with s = 0 denoting complete integration, or zero trade costs. The value of is determined by preferences, but it interacts with the imperfect competition to determine the degree of market power enjoyed by the imperfectly competitive …rms. Our discussion focuses primarily upon the roles of c and n; but we also relate the results to the values of s and : The analysis of Hashimzade et al. (2005) considers the particular case of c = c = 0, n = n = 1, while Keen and Lahiri (1998) additionally assume = 1:
Cost Asymmetry
This section analyzes the e¤ect that an asymmetry in production e¢ ciency has upon the preferred tax principle. It should be recalled that the analysis of the symmetric version of this model has demonstrated a robust preference for origin taxation. This applies for both Bertrand and Cournot competition, and for a range of demand systems, if trade costs are su¢ ciently low. Consequently, if these symmetric models were a correct description of the EU, unanimity in favor of the origin principle should eventually be achieved by economic integration.
In the model with asymmetric costs the foreign country has a marginal cost of zero and is referred to as the "low-cost"country. The home country produces with a positive marginal cost and is referred to as the "high-cost" country. To isolate the e¤ect of the cost asymmetry it is assumed in this section that the countries have the same population. Hence, n = n = 1: The countries choose their tax rates non-cooperatively to maximize national welfare. The …rms take the taxes as given when they maximize pro…t. The …rm located in the home country chooses the pair of prices fp x ; p x g and the …rm in the foreign country chooses the pair fp y ; p y g. Throughout the analysis we restrict our attention to values of the parameters fc; s; g that result in positive values for the choice variables of the …rms.
Maximizing the welfare levels of the two countries while taking into account the reactions of the …rms generates the optimal taxes for the destination principle
where the subscript B denotes Bertrand competition. These expressions show that the high-cost country sets a positive tax when s < c, a zero tax when s = c, and a negative tax when s > c. The optimal tax is always negative for the low-cost country. The interpretation of these optimal tax rates, and of those that follow for other cases, is aided by observing that there are two di¤erent forces at work. First, there is an imperfect competition e¤ ect. In a position of autarchy it follows from the results on Guesnerie and La¤ont (1978) that each country would impose a subsidy to reduce the deadweight loss from imperfect competition. Second, there is a tax base e¤ ect. Each country has an incentive to impose taxes that bear on the …rm or consumers of the other country. The sign of the optimal tax depends upon which of these e¤ects is dominant. If c = s = 0, so there is symmetry and complete integration, neither country levies a tax because they cannot improve upon the outcome with Bertrand competition. In any other case the low-cost country levies a subsidy because the imperfect competition e¤ect is dominant. The high-cost levies a positive tax for c > s because its …rm is relatively ine¢ cient and is not protected by high trade costs. In this case the tax base e¤ect dominates, so the home country has an incentive to tax in order to capture some of the surplus that would otherwise accrue to the foreign country. When s > c the high-cost country is limited in how far it can shift the tax base on to the low-cost country, so it adopts the standard subsidy to imperfect competition.
Repeating the analysis of welfare maximization for the origin principle yields the expressions for the optimal taxes: 
Consider …rst the case of complete economic integration (s = 0). The optimal tax is negative in the high-cost country for any c > 0. In the low-cost country the optimal tax is negative for su¢ ciently small, whereas for large enough it is negative for small c and positive for large c. The high-cost country has limited exports, so the tax base e¤ect is weak and the imperfect competition e¤ect dominates. The low-cost country levies a tax when c is high because it is in a relatively advantageous position as regards trade, so that the tax base e¤ect dominates. When economic integration is incomplete (s > 0) the optimal tax in the high-cost country is negative for any c, but there exists a value of s at which the optimal tax in the low-cost country switches from positive to negative. These results arise because the term multiplying s in the expressions for t O B and t O B is negative, so whenever the optimal tax is negative at s = 0 it remains negative for s > 0. On the other hand, when the optimal tax is positive at s = 0, a high enough s may result in the sign switch. The higher is s, the higher is the cut-o¤ value of c above which t O B > 0. The tax becomes negative in the low-cost country at high s because the outcome is close to autarchy and the imperfect competition e¤ect dominates.
The values of the optimal taxes can be used to conduct a welfare comparison of the two tax principles. The comparison is achieved by calculating the di¤erence between the level of welfare with the optimal origin taxes and the level of welfare with the optimal destination taxes. The welfare di¤erence for the high-cost country is de…ned by
and the welfare di¤erence for the low-cost country by
Using the solutions for the optimal taxes these welfare di¤erences can be expressed as quadratic polynomials in the trade cost, s. An analysis of the coe¢ -cients of the polynomials then permits a complete characterization of the possible values of the di¤erences which determines the preferences over tax principles. The outcome of analyzing the welfare di¤erence for the two countries is summarized in the following proposition.
Proposition 1 (i) B ( ; c; s) > 0 for all permissible ; c; and s.
(ii) For each there is a function S (cj ), non-increasing in c, such that a. If s < S (cj ) then B ( ; c; s) > 0 b. If s > S (cj ) then B ( ; c; s) < 0. (iii) There exists e such that for > e and for c e c (e ), S (cj ) = 0 and hence B ( ; c; s) < 0 for all permissible s.
Proposition 1 shows that the high-cost country prefers the origin tax for all values of f ; c; sg for which quantities are positive. The situation of the low-cost country is more complex. Part (ii ) states that for any strictly positive c and there exists s large enough, so that the low-cost country prefers the destination principle. However, for some c and the value of s at which the destination principle becomes preferable may not be permissible (the left-hand panel of Figure 1 illustrates such a case). In such case the origin principle is preferred for all permissible values. Part (iii ) implies that the origin principle is preferred for all values of c if is small, but with high the origin principle dominates for Thus, even complete integration is not enough to guarantee unanimity between countries if the cost di¤erence is large. When economic integration is incomplete, the origin principle is preferred for low values of c and the destination principle for high values of c for any . These results are easily explained. For small c the position is close to that of symmetry for which it is already known that the origin principle is preferred. The low-cost country switches to a preference for the destination principle when c; ; and s are large because the products are close to homogenous, it has a large competitive advantage, and little trade occurs. Hence, the market of the low-cost country is supplied almost entirely by the its domestic …rm so domestic factors dominate and the destination principle is preferred. These observations are illustrated in Figure 1 for two values of . In both …gures the area bounded by the thinner line is the set of c and s for which outputs are positive. The thicker curve is the set of critical values of s de…ned by s = S (cj ). The destination principle is preferred for values of c and s in the cross-hatched area above the curve. The origin principle is preferred for parameter combinations below the curve. When = 0:5 it can be seen that for low values of trade cost the origin principle is always preferred. In this case economic integration will result in agreement between the two countries. This is not the outcome for the right-hand …gure which displays a case with greater substitutability ( = 0:8). Even with complete integration it is possible for the low-cost country to prefer the destination principle.
The analysis shows that when both countries must employ the same principle it remains the case that the high-cost country always prefers the origin principle. If the countries are su¢ ciently asymmetric the low-cost country would have a preference for the destination principle even when there is complete integration and trade costs are eliminated. Integration is not su¢ cient to ensure agreement.
The results from the analysis of Cournot competition are identical except for that the low-cost country always prefers the origin principle if s is low. So, for Cournot, integration can remove disagreement.
Size Asymmetry
The second source of asymmetry between the member states of the EU is size. Population size is even more diverse than productivity, and national income re ‡ects this (since the largest and smallest countries have approximately equal income per capita). It is interesting to question how size is re ‡ected in the preference over tax principles.
To focus attention on the implications of the size asymmetry we assume that the countries are equally e¢ cient, so set c = 0. The size of the foreign country is taken as …xed (n = 1) and the size of the home country is taken as the parameter of interest (with 0 < n 1). Hence, the home country becomes the "small" country and the foreign country is the "large". As with the case of the cost asymmetry, we restrict the parameters fn; s; g to ensure that there is non-zero trade in equilibrium.
With Bertrand competition and the destination principle the equilibrium in tax rates is symmetric regardless of the di¤erence in the country sizes. This is because under the destination principle the size of the small country, n; enters the objective functions of both countries as a scale factor, so the solution does not depend on n. The optimal taxes for the destination principle are
It is clear from (12) that the optimal tax for both countries is negative as long as trade costs are positive (s > 0). This is the standard subsidy solution for imperfect competition. The optimal taxes if the origin principle applies are
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It can be deduced that t O B is always negative, whereas t O B is negative for s > b s ( ; n) and positive for 0 < s < b s, where b s ( ; n) is positive for small values of n: Therefore, under the origin principle, the optimal tax for the large country is negative for any fn; s; g, and there exists a value of s at which the optimal tax for the small country switches from negative (at high s) to positive (at low s). For high values of s the markets are e¤ectively separated by the high transport cost, so each country operates the autarchic policy of subsidizing the local monopolist. As the markets become more integrated the small country switches from a subsidy to a tax when the bene…t of extending its tax base to the market of the large country exceeds the e¢ ciency gain from the subsidy.
The welfare di¤erence for the large country is given by
The welfare di¤erence for the small country is
For given values of and n the functions B (s; ; n) and B (s; ; n) are quadratic polynomials in s with coe¢ cients that depend on and n. Analysis of the coe¢ cients leads to the next proposition.
Proposition 2 (i) B (s; ; n) > 0 for all permissible ; c; and n.
(ii) For each there is a value n ( ) such that a. If n < n ( ) then B (s; ; n) < 0 b. If n > n ( ) there are two functions s 1 (n) and s 2 (n), with s 1 (n) < s 2 (n) such that : B (s; ; n) > 0 if s < s 1 (n) or s > s 2 (n) : B (s; ; n) < 0 if s 1 (n) < s < s 2 (n):
Proposition 2 implies that the large country prefers to operate the origin principle for any fn; s; g. In contrast, the small country prefers the destination principle to the origin principle for any s if n is small enough. If n is su¢ ciently close to 1 then the origin principle is preferred for s su¢ ciently high and su¢ -ciently low, and the destination principle is preferred for intermediate values of s. Figure 2 illustrates the welfare di¤erence for the small country. The thinner line is the boundary of the set of parameter values which guarantee all quantities are positive. The two thicker lines are the functions s 1 (n) and s 2 (n): The value of the welfare di¤erence B (s; ; n) is positive below the lower thick curve and above the upper thick curve, and is negative between the two curves. Hence, in the cross-hatched area the small country prefers the destination regime. As a consequence the two countries disagree for the parameter values between the curves over which tax principle should be chosen, since the large country always prefers the origin principle.
The …gure also shows that for small values of n the welfare di¤erence is negative at s = 0. This is a feature of the Bertrand case for all values of . The implication of this fact is that the disagreement between the countries is not resolved by economic integration. Even when trade costs are entirely eliminated size di¤erentials can still remain a source of disagreement. The key …nding is that large countries prefer the origin principle,whereas very small countries prefer the destination principle. This is the situation in which the interests of the countries are most opposed, and the outcome is that the small country is more concerned with ensuring an appropriate level of taxation on its domestic market (so preferring the destination principle) than with correcting the tax externality.
Strategic Choice of Principle
The analysis so far has considered the preferences of the countries over tax principles when both operate the same principle. What has not been considered are the strategic issues that may arise in choice of principle. With symmetric countries the origin principle is Pareto-e¢ cient, but this does not establish that it is an individually-rational choice. It may be the case that if one country implements the origin principle then it is rational for the other to choose the destination principle. This would be the situation if the choice of principles was a Prisoner's dilemma game in which the Pareto-e¢ cient outcome involved the use of dominated strategies.
These observations motivate developing the analysis to address the issue of Stage 2: Given the tax principles the countries choose optimal tax rates.
Stage 3: The …rms compete given the tax principles and the tax rates.
It is assumed that every stage of the game is non-cooperative and the equilibrium concept employed is sub-game perfection. The sub-game perfect equilibrium can be obtained using the standard backward induction argument to collapse stages 2 and 3 into the welfare payo¤s for the countries when choosing their tax regimes in stage 1. It is then possible to present the decision process at stage 1 as a simple 2 2 normal form game. The resulting payo¤ matrix is illustrated in Figure 3 . The entry W k ij denotes the payo¤ for country k; k = h; f; when country k adopts principle i and the other country adopts principle j.
The alternative types of equilibria for the game can be characterized from the following inequalities involving the payo¤s. The strategy pair {i, i} constitutes a dominant strategy equilibrium if
The pair {i, i} constitute a Nash equilibrium if
For the symmetric case the following proposition can be proved.
Proposition 3 (i) With Bertrand competition there is a value B such that: a. For any B and for all s {Origin, Origin} is a dominant strategy equilibrium.
b. For any < B there is a function s B ( ) such that: . For s s B ( ) {Origin, Origin} is a dominant strategy equilibrium . For s > s B ( ) {Origin, Origin} and {Destination, Destination} are both Nash equilibria (there is also at least one mixed strategy equilibrium).
(ii) With Cournot competition a. and b. apply, in general with di¤ erent cut-o¤ values, C and s C ( ) :
Proposition 3 shows that it is individually rational for the each country to choose the origin principle. Intuitively, it applies because symmetry aligns the interests of the two countries. The choice of tax principle is based on responding to the distortion caused by imperfect competition and, at the same time, reducing the consequence of the …scal externality between the countries. The tax base under the destination principle is the domestic market, so in choosing the tax rate each country is unconcerned with the consequences for the overseas market. This ensures that the tax externality can be e¤ectively ignored. In contrast, the tax base for the origin tax combines part of the domestic market and part of the overseas market. This results in the tax externality being partly, though not completely, internalized and leads to the preference for origin. The only caveat to this statement is that joint choice of the origin principle is not the only Nash equilibrium when the goods are su¢ ciently independent and transport costs are high. In this case the monopoly distortion is more important relative to the tax externality which focuses attention on the domestic market; hence, the advantage of origin taxation is diminished. However, su¢ cient economic integration ensures the origin principle always emerges as a dominant strategy because of the internalization e¤ect. Moreover, the origin principle is always a dominant strategy when the goods are close substitutes and monopoly power is reduced. It should also be noted that even in the cases for which the destination principle is a Nash equilibrium the alternative equilibrium with the origin principle is Pareto-dominant. These observations provide very strong arguments for an expectation that the strategic game will result in symmetric countries announcing the origin principle.
The practical interpretation of this proposition is that there should be no need for an international agreement on the choice of tax principle if it is applicable. In other words, the EU should face no di¢ culty in obtaining an agreement amongst the member countries on a switch to the origin principle, because the member states should wish to switch unilaterally even without leadership from the center. These claims run counter to the observations that no member state has chosen to move unilaterally to the origin principle (or even tested the EU law in this area), and that there is no current policy progress toward the origin principle in the EU, despite the origin principle remaining a long-run goal. This contrast between the theoretical prediction and actual experience emphasizes the importance of investigating the consequence of asymmetry in this framework.
We now focus upon the strategic issues involved in the choice of tax principle when both dimensions of asymmetry are present. Since we are considering the asymmetries simultaneously we choose to characterize the equilibrium of the game for given and s in the parameter space of n and c, using the inequalities in (17) and (18). The results from this analysis are reported in Figure 4 .
Results are shown for three values of (0:25; 0:5; 0:75) and three values of s (0:3; 0:1; 0:05). The …gure is drawn with relative size, n, on a log scale on the horizontal axis. The point labelled 10 0 denotes two countries of equal size. At point 10 1 the home country has size n = 1=10 and at 10 1 it has size n = 10. Transport cost, s, is measured on the vertical axis. The white area at the top of the …gure denotes parameter values for which there is no trade. This area increases in size as and s become larger. The equilibrium strategies are denoted by a pair of letters. An upper case letter denotes a dominant strategy and a lower case letter an equilibrium strategy that is not dominant. A d (or D) denotes the destination principle being the equilibrium strategy, an o (or O) the origin principle being the equilibrium strategy. The …rst letter denotes the strategy choice of the home country and the second letter the strategy choice of the foreign country. Hence o=D denotes an equilibrium in which the choice of the origin principle is a Nash strategy for the home country and the destination principle is a dominant strategy for the foreign country. The exception to this notation is the use of M SN E to denote a mixed strategy Nash equilibrium in which the countries randomize between the destination and origin principles.
The equilibrium with symmetric …rms -on which most of the previous literature has focused -is located at the point (0; 10 0 ) in the center of the horizontal axis. For all values of and s the origin principle is a dominant strategy for both countries at this point. Now consider moving away from (0; 10 0 ) along the horizontal axis. To the left, as the home country becomes smaller, the origin principle …rst ceases to be a dominant strategy equilibrium; then, as the home country becomes very small, the destination principle becomes a dominant strategy. The same process of change, but for the foreign country, occurs as the move to the right is made and the home country becomes relatively large. In both cases there is disagreement over the principle when the size di¤erential is large enough. When there is disagreement, the smaller country chooses the destination principle and the larger country the origin principle. Moving vertically from (0; 10 0 ) the equilibrium changes to either a preference for the destination principle for the high-cost home country or to a mixed-strategy Nash equilibrium. These equilibria mirror the preferences over principles that were explored for the individual asymmetries in the previous sections.
In every case the strategies {Origin, Origin} are chosen for an area across the center of the …gure. Initially, as the home country becomes larger relative to the foreign country, the maximum value of c for which the equilibrium {Origin, Origin} is chosen increases. The situation then reverses when the foreign country is much smaller than home country and the minimum value of c for which {Origin, Origin} is an equilibrium increases.
The …gure also shows that equilibria with many di¤erent structures can arise, depending on the values of n and c. There can be disagreement about the tax principle, and there can be agreement on the destination principle (when the cost di¤erence is large but size di¤erence is not). One especially interesting feature with respect to the consequences of economic integration is the following: as s is decreased the relative size of the area in which there is disagreement increases. In particular, for every value of c the range of n for which there is disagreement increases. Hence, reducing trade costs makes it more likely that country size di¤erentials will lead to disagreements. Thus, as s falls, less asymmetry is required for the destination principle to become the preferred choice of at least one of the countries. Conversely to what might be expected, increased economic integration reduces the likelihood of there being agreement on the tax principle for asymmetric countries. This is a consequence of the divergence in position as country size increases. The optimal taxes when both choose origin are negative, so the small country bears a relatively high cost of subsidizing the sales of its …rm to the large country. This provides a motive to switch to the destination principle and set a positive tax. It then bene…ts from the subsidy provided by the large country and from positive tax revenues.
The qualitative properties for Cournot competition are generally the same as for Bertrand competition. In particular, the relative positions of the di¤erent types of equilibria are the same. Both Bertrand and Cournot cases display the full range of equilibria that are possible, and that the range of size di¤erences for which there is agreement on the origin principle decreases as s decreases. If the home country is very small relative to the foreign country then the destination principle becomes an equilibrium strategy for the home country, and if the home become very large the destination principle becomes an equilibrium strategy for the foreign country.
It is clear from these result that the analysis of symmetric models disguises the richness of the set of equilibria. The conclusion that the origin principle will be chosen is not robust once realistic asymmetries between the countries are introduced. There is one …nal point to be made. Even when the destination principle is the preferred choice of one of the countries it is most often the case that the outcome {Origin, Origin} is Pareto-preferred. This arises because the game describing the choice of regime has the structure of a Prisoner's dilemma in these cases. 
Conclusions
The literature on the choice between the origin and destination principles of taxation has focused primarily upon economies with symmetric countries. We have argued that there is considerable asymmetry among the member states of the EU, which raises questions concerning the policy relevance of existing results. These observations have motivated our study of whether the preference between tax principles can be related to the characteristics of countries. The model considered two sources of asymmetry: e¢ ciency in production and size of market. The analysis has demonstrated that there are very clear links between characteristics and the preferences over tax principles.
An asymmetry in production e¢ ciency between countries was represented by a di¤erence in the marginal cost of production. The high-cost country prefers the origin principle to the destination principle. In contrast, the low-cost country prefers the origin principle in some circumstances, and the destination principle in others. In particular, the destination principle is preferred when the cost di¤erential between the countries is large. This potential absence of agreement between countries is a consequence of the asymmetry, since it does not arise in the symmetric case. The second source of asymmetry was a di¤erence in the number of consumers. The large country always prefers the origin principle. For a range of values of trade cost and size di¤erence, notably including zero trade cost, the small country prefers the destination principle. This di¤erence between the structure of preferences for the two countries again leads to disagreement. More importantly, complete economic integration does not remove the disagreement for any con…guration of parameters. These results show that large countries and ine¢ cient countries prefer the origin principle in all cases. The preference of small countries and e¢ cient countries is dependent upon the parameter con…guration. Disagreement between countries is removed by economic integration only if the countries are not very dissimilar. When countries have signi…cant size or e¢ ciency di¤erences economic integration will not lead to agreement upon principles. When the tax principle is chosen strategically the conclusion that the origin principle is preferred holds for asymmetric countries, provided that neither the cost di¤erence nor size di¤erence is too great. However, our analysis shows that there are limits to this conclusion. Disagreement will arise with su¢ cient asymmetry, and even complete integration will not eliminate the disagreement.
What implications do these results have for our understanding of economic policy? The EU is a diverse collection of countries, with the diversity enhanced by the recent addition of new member states. The European Commission has a long-standing intention to move to the origin principle, but no progress has been made in this direction since the completion of the single market. This lack of progress seems surprising, given what symmetric models say about the unanimity of preference for the origin principle in models of imperfect competition. However, symmetry among countries is a poor approximation to the position in the EU. Countries vary considerably in size and in productivity, and it seems important to confront the preference for the origin principle with these di¤er-ences. In conclusion, our results predict that the degree of asymmetry in the EU is going to remain an impediment to progress toward a political consensus on the tax principle for trade within the union. The EU does seem to have reached a impasse on this issue. The analysis shows why this is the case, and demonstrates how insurmountable it may prove to be.
